In the ocean, complex interactions between natural and anthropogenic radionuclides, seawater and 23 diverse marine biota provide a unique window through which to examine ecosystem and trophic 
35
To unravel biological uptake mechanisms of europium in Aplysina cavernicola we have combined 36 radiometric measurements (gamma) with spectroscopic (Time-Resolved Laser-Induced Fluorescence
37
Spectroscopy, TRLIFS and X-ray Absorption Near Edge Structure, XANES) and imaging
38
(Transmission Electron Microscopy, TEM and Scanning Transmission X-ray Microscopy, STXM) 39 techniques.
40
We have observed that the colloids of NaEu(CO3)2.nH2O formed in seawater are taken up by A.
41
cavernicola with no evidence that lethal dose has been reached in our working conditions.
Introduction 47 48
In accidental situations involving nuclear reactors, noble gases and fission products as cesium or 49 iodine contribute most significantly to the total radioactivity released. Although the actinide elements 50 are generally not the major contributor to environmental radioactivity they can have long lasting 51 impacts on human health and environment. Actinides are the only exogenous metals known to have no 52 essential role in the normal biochemical processes occurring in living organisms. Unlike many other 53 toxins, metals cannot be destroyed by living organisms -they can only be excreted. However, their 54 speciation may change according to environment characteristics (e.g., pH, ionic strength), which can 55 affect their bioavailability and toxicity. The chemical mechanisms leading to the specific binding of a 56 metal to a given protein are particularly complex and a lack of specificity is often observed for the 57 exogenous metals. 1 The actinides are chemical poisons as well as radiological hazards. 
70
The bioaccumulation of stable inorganic contaminants (often referred to as "heavy metals") has
71
already been described in occurrence with organisms from all trophic levels such as algae, mussels, 124 mol/g and 2.8 x 10 -6 mol/g (normalized to sponge dry weight), respectively. Figure 1 shows the 125 estimated accumulated total europium dose for both specimens. These estimated values are almost 126 twice higher than the concentrations of europium directly measured by gamma spectrometry in the 127 ground specimen at the end of the experiment, which were equal to 1.9 x 10 -6 and 1.6 x 10 -6 mol/g
128
(normalized for dry weight) respectively. The difference observed may be due to a depuration of 
137
CFs with respect to dry weight were estimated around 830 and 1040 after 5 days accumulation. In 138 summary, it can be asserted here that the europium complex present in seawater as colloidal forms of 139 NaEu(CO3)2.nH2O is taken up by, and accumulated in the sponge. Among the two specimens tested in 140 this study, none of them died during the 11-day experiment.
142

Speciation of europium in Aplysina cavernicola
144
In the first step, global speciation was investigated on an entire sponge specimen, sponge C, which 
152
The TRLIFS spectrum of sponge C contaminated with stable europium is presented in Figure 2 .
153
Europium has a characteristic luminescence spectrum in the red which makes it an ideal element for
154
TRLIFS with its strongest lines around 580, 593, 617, 650 and 700 nm ( 5 D0 → 7 FJ J= 0 -4) . In any case it has not be observed here since only one lifetime was measured.
174
To confirm this hypothesis, the europium speciation in the sponge was probed by XANES at the 175 europium LIII edge. It has already been shown that lanthanide LIII edge can be sensitive to structural To further explore the europium interaction with the sponge and its transfer mechanisms,
187
localization investigations were performed with a combination of X-ray and electron microscopy.
188
Sponge slices were prepared at two characteristic locations as shown in Figure 4 : near the osculum (1) 189 and near the external surface (2). These locations were chosen specifically to estimate the distribution
190
of europium in the sponge, given that differences were expected if the cation were to pass through the 
208
To further confirm that europium particles were mainly located in the skeleton, cell separation was 
212
it is difficult to achieve a perfect separation of the sponge cells without causing significant damage, it
213
was only possible to measure each fraction by gamma spectrometry in a semi-qualitative manner.
214 Figure 8 shows that 80% of the europium activity is located in the first fraction (skeleton and 215 spherulous cells fraction). Remembering that STXM images suggested (although qualitatively) that 216 europium was not interacting with the spherulous cell, this confirms a major localization in the 217 skeleton. Nonetheless, a significant amount of europium (below 20%) was found in the cell fraction.
218
Indeed, clusters of those europium particles were also observed in a vacuole of about 300 to 600 nm as
219
shown by the TEM image of Figure 9 . In summary, the combination of STXM, TEM and differential 243
Among the two specimens tested in this study, none of them died during the 11-day experiment
244
indicating that no lethal dose has been reached in our working conditions (0.15 µg.ml -1 per spike over 245 187 hours). In conclusion, the colloids of NaEu(CO3)2.nH2O formed in seawater under the current 246 conditions are taken up by A. cavernicola with no evidence of mortality for the specimen tested in our 247 conditions. In the second part, the global speciation of europium within the sponge was investigated 248 using both TRLIFS and XANES (Eu LIII edge) probes. Both probes are specific for europium 249 speciation. In both cases, the spectroscopic data suggests that the europium speciation inside the 250 sponge may be described as a carbonate complex comparable to that already observed in seawater near 
257
This observation together with the speciation analysis suggests that europium colloids present in 258 seawater as NaEu(CO3)2.nH2O are transferred from the seawater medium through the sponge surface 259 via the surface pores in the vicinity of which they are precipitated as particles of a few hundred nm.
260
Nonetheless more complex uptake mechanisms may also occur, although in a minor percentage, since 261 the presence of similar particles was also detected in cell vacuoles far from the surface. 
280
HCl. Before the uptake experiments, specimens were acclimated for a few days in a 20 l aquarium.
281
For the uptake measurements, a contamination cycle was performed every day according to the
282
following procedure: for 9 h, sponges A and B were maintained in an open water system; then, the 283 sponges were placed in 735 ml boxes in the same aquarium, and maintained in a closed water system.
284
The radiotracer and the natural europium were spiked by the addition of 10 µl of each stock solution in
285
the seawater corresponding to an activity of 30 Bq in 152 Eu and an amount of 7.10 -7 mol of 151,153 Eu per 286 spike. After 15 hours exposure, the system was opened for sponge recovery. This cycle was repeated 287 11 times. In order to assess potential americium adsorption on the boxes, a blank test consisting of 288 spiking an empty 735 ml box was performed. The blank test revealed that less than 0.5 Bq were 289 adsorbed on the plastic boxes during the entire procedure. The uptake curve was obtained using 290 gamma radiometry. At the end of each 15 h spike sequence, 50 ml of seawater were taken off the 735 291 ml box and the associated gamma activity was measured by gamma spectrometry. The difference 292 between the spiked activity (measured after spike n in Figure 1Sab ) and the measured activity after the 293 15 h spike sequence (measured before spike n+1 in Figure 1Sab ) indicated potential uptake by the
{A(after spike(n)) − A(before spike(n + 1))} × 1 
298
At the end of the experiment, the sponges were collected and rinsed in clean seawater to remove 299 radiolabeled water.
300
Gamma-ray measurements of the samples were carried out with a high resolution γ spectrometer with 
305
The sponge C exposure procedure for the EXAFS and STXM measurements, was similar than that 306 used for the sponges A and B with the exception that only the natural europium 151, 153 Eu was added to 307 the seawater.
309
2. TRLIFS 310 311
A Nd-YAG laser (Model Surelite Quantel) operating at 355 nm (tripled) and delivering about 10 mJ of 312 energy in a 10 ns pulse with a repetition rate of 10 Hz, was used as the excitation source for europium.
313
The laser output energy was monitored by a laser power meter (Scientech). The focused output beam 314 was directed into the 0.35 µl quartz cell for solid samples of the spectrofluorometer (F900-Edinburgh).
315
The detection was performed by an intensified charge coupled device (Andor Technology) cooled
316
by Peltier effect (-5°C) and positioned at the polychromator exit for the emission spectra 
334
Energy calibration was performed at the Fe K edge at 7112 eV. XANES measurements were 335 performed in fluorescence mode, due to the low concentration, using a 13-element high purity 336 germanium detector (ORTEC). Data processing was carried out using the Athena code. 33 The eo 337 energy was identified at the maximum of the absorption edge. XANES scans were taken from 6850 to 
